Microbial communities are important for the functioning of the ecosystem, both in relation to direct interactions with the plants and with regard to nutrient and organic matter recycling. A study in field condition was undertaken in Kashmir valley to reveal the effect of various temperate fruit crops viz. apricot, peach, plum and cherry along with a control (no-plantation) on microbial biomass carbon (MBC), nitrogen (MBN), phosphorus (MBP) and dehydrogenase, phosphomonoesterase (acid and alkaline) and urease activities in soil at two different depths (0-20 and 21-40 cm). All the fruit crops showed a sharp decline in microbial biomass and enzyme activities with the increase in soil depth. Each of the four fruit crops showed significant (p<0.05) impact on MBC over the control and the maximum MBC was recorded in plum (1000 mg kg -1 ) and the lowest value was observed in control (457 mg kg -1 ), at the surface layer. Since there is a relationship between MBC and MBN, the similar trend was also observed in MBN as in case of MBC. For MBP, fruit crops showed any significant effect neither on surface soil, nor on subsurface soil layer over control. At the surface layer, unlike microbial biomass the highest dehydrogenase activity was observed in peach (318 µg TPF g soil -1 h -1
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Abstract
Microbial communities are important for the functioning of the ecosystem, both in relation to direct interactions with the plants and with regard to nutrient and organic matter recycling. A study in field condition was undertaken in Kashmir valley to reveal the effect of various temperate fruit crops viz. apricot, peach, plum and cherry along with a control (no-plantation) on microbial biomass carbon (MBC), nitrogen (MBN), phosphorus (MBP) and dehydrogenase, phosphomonoesterase (acid and alkaline) and urease activities in soil at two different depths (0-20 and 21-40 cm). All the fruit crops showed a sharp decline in microbial biomass and enzyme activities with the increase in soil depth. Each of the four fruit crops showed significant (p<0.05) impact on MBC over the control and the maximum MBC was recorded in plum (1000 mg kg -1 ) and the lowest value was observed in control (457 mg kg -1 ), at the surface layer. Since there is a relationship between MBC and MBN, the similar trend was also observed in MBN as in case of MBC. For MBP, fruit crops showed any significant effect neither on surface soil, nor on subsurface soil layer over control. At the surface layer, unlike microbial biomass the highest dehydrogenase activity was observed in peach (318 µg TPF g soil -1 h -1
) and the lowest value (166 µg TPF g soil -1 h -1 ) was attained at control plot. Maximum alkaline phosphomonoesterase activity was observed in peach (381 µg PNP g soil -1 h -1 ), although for acid phosphomonoesterase the highest value recorded in apricot (306 µg PNP g soil -1 hr -1 ), at surface soil. A significant positive correlation (p <0.01) was observed amongst MBC, MBN and MBP. Both the phosphomonoesterase activities were significantly (p <0.05) correlated with MBP in soil. It can be concluded that the influence of the studied fruit crops on the soil was not uniform, in terms of the measured parameters.
Keywords: Enzyme activity, Kashmir valley, microbial biomass, soil depth, temperate fruit crops
Introduction
The North Western Himalayan Region (NWHR) of India is bestowed with temperate climate. The horticulture in this region viz. Jammu and Kashmir, Himachal Pradesh and Uttarakhand, is the backbone of these states economy which supports about 1.5-2.0 million families and, provides direct or indirect employment to 8-10 million peoples with revenue of more than 1 billion $ (USD) annually. The temperate fruit orchards are highly intense system which represents an important export industry for India.
The major temperate stone fruits of India like apricot Plant's active root system releases about 17% of photosynthate captured in the form of organic compounds into the rhizosphere, most of which is available to the soil microbial biomass (Nguyen, 2003) . Microbial communities are important for the functioning of the ecosystem (Patra et al., 2005) , both in relations to direct interactions with plants and with regard to nutrient and organic matter cycling. The microbial biomass of a soil is a comparatively labile pool of soil organic matter (Jenkinson and Ladd, 1981) and can be used as an index of the biological status of the soil fertility. The physical, chemical, and biological properties of soil can be affected by management, fertilization, crops, and the duration of cultivation (Qian et al., 2014) . They demonstrated that long-term fertilization, tillage, management regime, leaf litter, and root exudates were the major factors affecting the soil microbial community functions in apple orchard. Shishido et al. (2008) reported that the land-use differences between the apple orchard and its adjacent boundary bush influenced soil microbial activities both quantitatively and qualitatively . Feng et al. (2009) showed that soil microbial biomass was influenced by varying environmental factors including temperature, soil moisture and rainfall. The microbial biomass is responsible for releasing soil enzymes which are essential for catalyzing reactions, necessary for organic matter decomposition and nutrient cycling.
Soil enzymes are involved in most biochemical functions of soil and they are very sensitive to changes in the environment, so they are considered as good indicators to predict changes of soil quality or productivity (Nannipieri et al., 2012) . Among the soil enzymes, dehydrogenase activity (DHA) has been recognized as important indicator of the oxidative metabolism in soils and thus of the metabolic activity (Nannipieri et al., 2012) , because being exclusively intracellular, it is linked to viable cells. Urease enzyme activity (URE) plays a vital role in the hydrolysis of urea into CO 2 and H 2 O. Soil phosphomonoesterase (acid and alkaline phosphomonoesterase) activities play an important role in catalyzing the hydrolysis of P-ester bonds binding P to C in organic matter, thereby releasing inorganic P which are assimilable by plants (Pascual et al., 2002) . Phosphomonoesterases are concentrated in the surface layer and rhizosphere where most of the fresh and less humified organic matter is prevailing (Asmar et al., 1995) . Plants as well as soil microorganisms release acid phosphomonoesterase (A C PM) enzyme in soil however, alkaline phosphomonoesterase (A L PM) enzyme is produced exclusively by soil microorganisms and soil fauna (Chhonkar et al., 2007) . Variations in the two phosphomonoesterase activity, apart from indicating changes in the quantity and quality of a soil's phosphorated substrates, are good indicator of its biological state (Pascual et al., 2002) .
In recent years, studies on microbial biomass and enzymes activity have engaged the attention of many researchers. However, most of these studies are confined to agricultural cropping systems (Wright et al., 2005; Mandal et al., 2007; Jannoura et al., 2013) and forest ecosystems (Barbhuiya et al., 2004; Devi and Yadava, 2006; Feng et al., 2009) 
but, information
regarding those under temperate fruit crops like peach, cherry, apricot, plum etc., are scarce. We assume that soils under temperate fruit crops may be categorized in between agricultural cropping systems and forest systems. Under these crops, the trees are deep rooted, perennial and deciduous in nature. Apart from regular addition of fertilizers and manures, the leaf fall and its incorporation are common which add residues and substrates, thus promoting microbial activity which is expected to be more than field crops. However, soil microorganisms existing in deeper soil depth less strongly influenced by C inputs from litter and rely partly on root-derived C for maintaining activity and growth. So, it may be hypothesized that the vertical activity of soil microorganisms would be impacted by root distribution of these fruit crops. Therefore, these orchards constitute a complex ecological landscape.
The hypothesis of this experiment was that different temperate fruit crops could have differential microbial activity in the rhizospheric soil (surface and subsurface), influenced by management practice, such as addition of different fertilizers and their levels (on the basis nutritional need of the fruit crops) as well as quality of litter fall and root exudates. For better understanding, we also intended to compare the influence of these fruit crops on microbial activity, with no-plantation system. Thus, the objectives of this experiment were: i) to determine soil microbial biomass C, N and P and their ratio, ii) to assess soil enzyme activities, such as dehydrogenase, phosphomonoesterase (acid and alkaline) and urease and, iii) to study possible correlations among various soil properties, in orchard ecosystem. We assume that information generated from this study will help in understanding of microbially mediated nutrient dynamics and their management under temperate fruit crops in India.
Materials and Methods
Study site
The experimental orchards are located at Central with sand 65%, silt 22% and clay 13%. Table 1 shows the soil physico-chemical properties of each orchard.
Soil sampling and analysis
The volume and distribution of roots in soil is thought to reflect that of the trunk and branches, and moreover presence of an excess of 1 M BaCl 2 to stabilize the trapped CO 2 -C. An efficiency factor (Kc) of 0.25 was used for calculation of MBC (Bremner and Kesssel, 1990 ).
Microbial biomass N (MBN)
The microbial biomass N was measured following the fumigation-extraction method described by Brookes et al. (1985) . The fumigated and non-fumigated soils (equivalent to 10 g oven-dry soil) were extracted with 0.5 M K 2 SO 4 solution (1:4 soil:extractant ratio)
for 30 minutes and filtered. Thirty ml of extract was transferred in digestion tube, and to it 1 ml of CuSO 4 (0.165 M) and 10 ml of H 2 SO 4 (conc.) were added and, the mixture was digested for 3 hr at 390±2° C. After digestion, the residue was diluted with distilled water and total N in it was measured by Kjeldahl method.
MBN was calculated using an efficiency factor (Kn) of 0.54 (Brookes et al., 1985) .
Microbial biomass C (MBC)
The microbial biomass C was estimated by chloroform fumigation-extraction method described by Jenkinson and Powlson (1976) . The fumigated and non-fumigated soils (equivalent to 10 g oven-dry soil) were extracted with 0.5 M K 2 SO 4 solution (1:2.5 soil:extractant ratio) for 30 minutes and filtered. MBC in extract was determined by wet oxidation diffusion method described by Snyder and Trofymow (1984) .
Five ml of extract was transferred in diffusion tube
and acidified with 0.025 M H 2 SO 4 and then, digested at 120 °C for 2 hr. The amount of CO 2 -C evolved was trapped in a shell vial (6 ml capacity) containing 4 ml of 0.1 N NaOH kept over the indentation inside diffusion tube. After digestion, the diffusion tube was allowed to remain undisturbed for 12 hr to ensure complete absorption of evolved CO 2 -C. After 12 hr the shell vial was taken out of diffusion tube and, the unspent alkali was titrated against 0.02 N HCl in
Microbial biomass P (MBP)
The microbial biomass P was measured using a modified fumigation and NaHCO 3 extraction technique (Brookes et al., 1982) . Fumigated and non-fumigated soil samples were extracted with 0.5 M NaHCO 3 , pH 8.5 for 30 minutes. In addition, another set of nonfumigated soil, spiked with inorganic-P (equivalent to 25 µg Pi g -1 oven dry soil through KH 2 PO 4 to estimate per cent recovery of P from soil), was also extracted with 0.5 M NaHCO 3 . Prior to filtration phosphate-free charcoal was added to the sample to decolourize the filtrate. The phosphate concentration in the filtrate was measured at 730 nm by ascorbic acid method described by Murphy and Riley (1962) . An efficiency factor (Kp) of 0.40 was used to transform the released P in to microbial biomass P (Brookes et al., 1982) .
Enzyme activities
Dehydrogenase activity (DHA) in soil was determined, using the reduction of 2,3,5-triphenyltetrazolium chloride (3%) method (Klein et al., 1971) , and the colour intensity was measured at 485 nm. The method used for estimating urease activity (URE), involved incubating the soil with an aqueous urea solution (2%), and the residual urea was determined colorimetrically at 527 nm, described by Bremner and Douglas (1981) . Acid (A C PM) and alkaline (A L PM) phosphomonoesterase activities were estimated following the method reported by Tabatabai and Bremner (1969) , after soil incubation with modified universal buffer (MUB, adjusted to pH 6.5 for acid phosphomonoesterase and pH 11.0 for alkaline phosphomonoesterase) and p-nitrophenyl phosphate (pH 6.5 and 11.0 for acid and alkaline phosphomonoesterse, respectively), and the produced colour intensity was measured colorimetrically at 440 nm.
Statistical analysis
One way analysis of variance (ANOVA) was performed to elucidate the effect of different temperate fruit crops and soil depths on the soil biological properties. Statistical analysis of the data was carried out in accordance with the procedure suggested by Gomez and Gomez (1984 properties to show their degree of associations.
Results
Microbial biomass C (MBC)
All fruit crops including control have shown higher MBC on the surface layer compared to subsurface layer (Table 2 ) and, they were also significant over control in both layers. MBC was also found to be significant between the soil layers of same type of fruit crop. It is clearly seen from the table that maximum MBC was recorded in plum (1000 mg kg ), at the surface layer.
The same is followed also in the subsurface layer for all orchards. From table, the MBC obtained in both layers can be arranged in a descending order as: plum >peach>apricot>cherry>control. 
Microbial biomass N (MBN)
Data on MBN in soil samples showed a significant effect at the surface layer for peach and plum ( ), and the same trend also followed at the subsurface layer, like MBC. With regard to MBC/MBN ratio, there was no significant effect of the fruit crops in both the soil depths, except for peach in surface layer (Table 3) . The ratio showed a sharp increase in subsoil over surface layer. The highest ratio was obtained in cherry (5.2) and the lowest in the control (3.2), at the subsurface layer. t>cherry>plum>control. The fruit crops showed any significant effect neither on surface nor, on subsurface soil layer except for peach, where MBP of surface layer was significantly varied over the control. The MBC/MBP ratio ranged from 8.4 (control) to 20.8
(plum). An inconsistent trend of the ratio was observed
between soil depths and fruit crops (Table 3) . For some fruit crops it decreased with soil depth, while for others an opposite phenomenon was observed. Except
Microbial biomass P (MBP)
Like MBC and MBN, the values of MBP also decreased with soil depth ( (Table 3) .
Dehydrogenase activity (DHA)
Like microbial biomass, DHA was also found to be higher in surface soil and declined with soil depth (Figure 3a) . At surface layer, the maximum DHA was observed in peach (318 µg TPF g soil -1 h -1
) and, the lowest value (166 µg TPF g soil -1 h -1 ) was attained at control plot. The descending order of the DHA observed in surface soil layer can be represented as:
peach>plum>apricot>cherry>control. However, the same trend was not followed in subsoil. At surface layer, only peach and cherry showed significant effect on DHA over control, although all of the fruit crops failed to influence DHA in subsoil layer. Nonetheless, DHA was significant between the soil layers of same type of fruit crop. 
Urease activity (URE)
Like microbial biomass and other enzyme activities, URE was also found to be higher in surface layer compared to subsurface layer, in all orchards ( Figure   3b ). During this study, peach was found to have highest URE (398.02 μg urea g soil -1 h -1) followed by plum (397.91 μg urea g soil -1 h -1 ) and apricot (397.78
μg urea g soil -1 h -1 ), and least value was observed for control, at the surface layer. All fruit crops had significant effect on URE over control in surface soil.
Except cherry, URE was also found to be significant between the soil layers of same type of fruit crop.
Phosphomonoesterase activity
Activity of phosphomonoesterase is important in studying the P cycle because they provide avenue for P mineralization. Like DHA, the activity of both phosphomonoesterases was found to be higher in surface layer compared to subsurface layer in all orchards (Figure 4a and 4b ). ) at surface soil, and lowest value obtained in control at both layers ( Figure   4b ). All fruit crops, except plum, had significant effect on A C PM over control in the surface soil. However, 
Correlation studies
Correlation study (Table 4) (Dinesh et al., 2006; Peck et al., 2011) and forest system (Barbhuiya et al., 2004; Devi and Yadava, 2006) . However, these values are much higher compared to agricultural cropping system (Manna et al., 2005; Mandal et al., 2007) . Generally, microbial biomass C constitutes The positive significant correlation between MBC and soil moisture indicated that soil water content affect soil microbial populations (Table 4) . Several studies on soil microbial biomass reported a close relationship between soil moisture and microbial biomass (Devi and Yadava, 2006; Feng et al., 2009), which are in conformity with our observation. At sampling, the mean maximum air temperature was around 22 °C (Figure 1b) . The temperature in the surface layer of soil is generally higher than the air temperature and, soils under tree canopy may remain at a uniform temperature in surface layer. Therefore, it can be suggested that soil temperature was suitable for enhanced microbial activity, particularly the activity of mesophilic organisms. Thus, temperature perhaps also played a key role in this study to increase the values of MBC. The declining trend of MBC with depth suggests that a great fraction of the soil microbial community is colonizing the surface soil.
This might be due to the fact that, with increasing depth soil organic matter decreased, thereby microbial activity. Since there is a strong relationship between MBC and MBN (Table 4) , the results discussed for variable amounts of MBC recorded in this study are somewhat applicable to MBN, as well. The increase in the values of MBN might be because of more plant organic residues, and root biomass production were likely to return to soil, which was also reflected in the mineralizable-N content of the soil (Table 1) land, grassland, orchard and woodland soils (Brookes et al., 1984; Dinesh et al., 2006) . The non-significant influence of the fruit crops on MBP could perhaps be due to low availability of P in soil for microbial immobilization. At the time of sampling, the fruit crops were at fruit setting stage which is considered as an active growth phase. Relatively greater demand for nutrients by plants during this phase could have limited the availability of P to soil microbes, thereby reducing its mobilization to microbial biomass.
The ratio of microbial biomass C, N and P in soil might serve as a quantitative indicator of availability and dynamics of these elements. The higher microbial biomass C/N ratio in subsurface soil layer than in surface layer was mainly due to lower microbial biomass N in the former or, due to greater decrease in MBC compared to MBN (Barbhuiya et al., 2004; Jenkinson and Ladd, 1981) . This was perhaps also due to low N availability and, relatively higher organic matter availability to soil microbes at deeper soil depth. The observed microbial C/N ratio in this present study was less than 6. C:N ratio of fungal hyphae usually ranges from 10 to 12, and that of bacteria 3 to 5 (Jenkinson and Ladd, 1981) . Therefore, it could be stated that the study site might have been dominated by bacterial community. Perhaps this could be attributed to preferential stimulation of bacterial community due to varying composition of root exudates, leading to selective favoring of those organisms. It may also be stated that neutral soil pH of the orchards is suitable for bacterial activity. It is also possible that as well as differences in microbial biomass, differences in the composition of the microbial community between orchards might have occurred. The MBC/MBP ratio for all fruit crops in our study falls well within the reported range of 10.6 to 35.9 (Brookes et al., 1984) . The inconsistent variations in biomass C/P ratio within soil depth indicate that P in microbial cell was affected by the soil conditions and type of fruit crops. The reduced significance of biomass C/P ratio was probably also due to the same reason. Phosphorus is considered as an important constituent of microbial cell. Thus, in this soil, there is a diversity of soil microbes having different biomass P requirement. Future studies may reveal the differences in the composition of the microbial community in the soil profile of these orchards. In this study MBP and MBC/MBP ratio were markedly affected by high P bioavailability (Table 1) .
Low P and high C availability results in large biomass C/P ratios and vice-versa. The low mean MBC/MBP ratio in our study with its high contents of available P supports this. The decrease in microbial biomass N/P ratio with soil depth was probably due to low N availability or, due to greater decrease in biomass N compared to P in subsurface soil. This could be again attributed to the demand for nutrients by the fruit crops at the time of sampling, which perhaps limited the availability of N to soil microorganisms. control on these enzyme activities (Chhonkar et al., 2007) . The pH-dependence of these enzymes could be due to the influence of soil pH on the concentration of inhibitors or activators in the soil solution and the effective concentration of the substrate (Dick et al., 2000) . Urease activity (URE) recorded in this experiment was quite higher. Higher microbial activity, as indicated by microbial biomass, in soil could have enhanced the values of URE to such extent. Increased activity of URE also resulted in an increase in mineralizable-N content of the soil (Table   1) . Moreover, mineralizable-N content of the soil declined from surface to subsurface like URE. Thus, it could be suggested that N supply to the fruit crops was regulated by this enzyme.
Significant positive correlations between microbial biomass C, N and P indicate that the dynamics of these three elements are closely interlinked in the soil of these orchards. Under field conditions, microbial and enzyme activities depend more on the type of crop and, are stimulated by organic matter. Soil organic C plays a key role as a precursor for enzyme synthesis and, also as a substrate source for enzyme activity during mineralization. Thus, activity of soil enzymes has a strong relationship with soil organic C. A similar kind of observation is also recorded in our study. DHA in soil is considered to be a good indicator of microbial activity and its significant correlation with MBC is obvious (Jenkinson and Ladd, 1981) . The strong relationship between the two phosphomonoesterase enzymes was expected, since these enzymes regulate P cycle and provide route for P mineralization in soil. Significant correlation of these enzymes with available P and MBP indicate that dynamics of soil P was governed by these enzymes to a great extent. The soil microbes have two main roles in the dynamics of P in soil: i) the principal driver for the transformation of organically bound phosphorus to plant available phosphate, and ii) the accumulator of a significant pool of P (Damon et al., 2014) . The non-significant correlation between phosphomonoesterase enzymes and soil pH could be attributed to inconsistent variations of activity in former within soil depth. Therefore, our results do not conform to the findings reported by many authors (Dick et al., 2000) . It could also be due to the fact that pH increased while phosphomonoesterase enzymes activity decreased, with soil depth. In fact, weak and negative correlation between pH and majority of soil microbiological properties was perhaps also due to the same reason. This also elucidates that soil pH had 
Conclusions
It can be concluded that microbial biomass and 
